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FLAT PANEL DISPLAY DEVICE HAVING PLANAR FIELD 
EMISSION SOURCE 

CROSS REFERENCE TO RELATED APPLICATION 

This application is a continuation-in-part application of United States Patent 
Application Serial No. 09/533,202 filed on March 3, 2000, which is incorporated by 
reference herein in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a flat panel display (FPD), and more 
particularly, to a flat panel display having a planar field emission source fomfied of a low 
worl^ function material. 

2. Description of the Related Art 

FIG. 1 shows a conventional flat cathode ray tube. As shown in the drawing, a 
faceplate 1 and a back plate 3 are sealed by a sealant 5. A phosphor layer 7 and a 
metal film 9 are formed on an inner surface of the faceplate 1. A rear electrode 11 is 
formed on an inner surface of the back plate 3, which faces the inner surface of the 
faceplate 1. In addition, a plurality of tungsten line cathodes 13 is used as an electron 
emission source. A grid plate 15 and a mesh electrode 17 are disposed between the 
faceplate 1 and the back plate 3. 

The grid plate 15 has a plurality of apertures 15a that are formed conresponding 
to pixels for passing electrons. First and second grid electrodes 19 and 21 are 
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respectively formed on each surface of the grid plate 15. Each of the first and second 
grid electrodes 19 and 21, for example, function as scan and data electrodes. 

Electrons emitted from the tungsten line cathodes 13 pass through the aperture 
15a of the grid plate 15 under the control of the first and second grid electrodes 19 and 
21, and land on light emitting anode to excite the phosphor layer 7 by a strong electric 
field applied to the metal film 9. 

However, said fiat cathode ray tube cannot easily be adapted for a large-sized 
display since the line cathodes 13 are used as the electron emission source. For a 
large-sized display, the line cathodes 13 need to extend the length, keeping the space 
between each other. Accordingly, uniformity of electron-emission and the luminescence 
of the phosphor layers 7 will be deteriorate because the line cathodes 13 tend to vibrate 
and the emission source becomes sparely distributed. Furthermore, the heat generated 
in the line cathodes 13 deforms the grid plate 15, resulting in misalignment of the 
apertures 15a and the corresponding phosphor layers 7. 

To solve the above-described problems, U.S. Pat. No. 4,719,388 discloses a flat 
electron control device having a grid-shaped accelerator electrode disposed between 
wire-like cathodes and an address plate having apertures. 

Although the flat electron control device has an advantage of emitting electrons 
under more stable conditions, it is still difficult to realize a large-sized display as it 
comprises a wire-like cathode. 

SUMMARY OF THE INVENTION 

It is an objective of the present invention to provide a flat panel display that has 
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an advantage in realizing a large-sized display by changing the structure of the electron 
emission source. 

It is another objective of the present invention to provide a flat panel display that 
can operate under a low driving voltage with improved performance of emission, 
convergence and acceleration, by using a low work function material as the field 
emission source. 

To achieve the above objects, the present invention provides a flat panel display 
including a back plate, cathode and gate electrodes disposed on the back plate and 
insulated from each other by an insulating layer, a planar field emission source formed 
on the cathode electrode, a grid plate provided with a plurality of apertures 
corresponding to a pixel area and spaced from the back plate, and a faceplate spaced 
from the grid plate and having a screen formed on one surface thereof facing the grid 
plate. 

The field emission source is formed of a material or mixture of carbonaceous 
materials selected from the group consisting of carbon nanotube (CNT), fullerene (Ceo), 
diamond liked carbon (DLC), and graphite. 

The flat panel display further includes a first grid electrode on a back surface of 
the grid plate facing the back plate, and a second grid electrode on a front surface of the 
grid plate facing the faceplate. 

Preferably, the first and second grid electrodes have a stmcture of plural line 
patterns along the aperture array that is perpendicular to the cathode electrode pattern. 
Each line pattern of the second grid electrode comprises two sub-electrodes that are 
bisected by the line of the aperture array on the grid electrode. 
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Alternatively, the grid plate is formed of a mesh electrode. 

The flat panel display further comprises a plurality of first spacers formed on a 
non-effective area of the back plate for maintaining the space between the back plate 
and the grid plate, and a plurality of second spacers formed on a non-effective area of 
the grid plate for maintaining the space between the grid plate and the faceplate, 
wherein an aspect ratio of the second spacers is higher than the first spacers. 

The gate electrode is formed on the surface of the back plate, the insulating 
layer is disposed on the surface of the back plate covering the gate electrode, and the 
cathode electrode is formed on the insulating layer. Preferably, the gate electrode and 
the cathode electrode have a structure of plural line patterns and intersect each other at 
right angles. The planar field emission source is formed on an edge of the cathode 
electrode. 

Alternatively, the cathode electrode is fomned on the surface of the back plate 
and having the planar field emission source corresponding to the pixel area. The 
insulating layer is disposed on the surface of the back plate to cover the cathode 
electrode except the planar field emission source. The gate electrode is formed on the 
insulating layer except the planar field emission source. Preferably, the gate electrode 
and the cathode electrode have a structure of plural line patterns and intersect each 
other at right angles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a part of 
the specification, illustrate an embodiment of the invention, and, together with the 
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description, serve to explain the principles of the invention: 

FIG. 1 is a sectional view of a conventional flat cathode ray tube; 

FIG. 2 is an exploded perspective view of a flat panel display according to a first 
embodiment of the present invention; 

FIG. 3 is a sectional view taken along an X-axis of FIG. 2; 

FIG. 4 is a perspective view of a back plate for illustrating another example of a 
planar field emission source according to the present invention; 

FIG. 5 is a sectional view of the flat panel display of FIG. 2 for illustrating path of 
electrons emitted from the planer field emission source; 

FIG. 6 is a perspective view of a grid plate for illustrating another example of a 
first grid electrode pattern according to the present invention; 

FIG. 7 is a sectional view taken along the Y-axis of a flat panel display for 
illustrating an electron deflection at a second grid electrode pattern according to the 
present invention; 

FIG. 8 is a perspective view of a back plate for illustrating another example of a 
gate electrode pattern according to the present invention; 

FIG. 9 is an exploded perspective view of a flat panel display according to a 
second embodiment of the present invention; 

FIG. 10 is a perspective view of a grid plate for illustrating another example of a 
second grid electrode pattern according to the present invention; 

FIG. 11 is a sectional view of a flat panel display according to a third 
embodiment of the present invention; and 

FIG. 12 is a sectional view of a flat panel display according to a fourth 
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embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be described in detail with 
reference to the accompanying drawings. 

FIGS, 2 and 3 show a flat panel display according to a first preferred 
embodiment of the present invention. 

As shown in the drawings, the inventive flat panel display comprises a back 
plate 8, a grid plate 6 and a faceplate 10 that are spaced from each other by first and 
second spacers 2 and 4 and sealed by sealant 28. The display maintains its internal 
vacuum sufficiently high enough to permit electrons to move freely. 

A gate electrode 12 is formed on a surface of the back plate 8, facing the grid 
plate 6. The gate electrode 12 is structured to have a plurality of line patterns arranged 
in a direction of an X-axis. An insulating layer 14 is disposed on the surface of the back 
plate 8 to cover the gate electrode 12. A cathode electrode 16 is formed on the 
insulating layer 14, the cathode electrode 16 having a structure of plural line patterns 
arranged in a direction of a Y-axis. 

For example, the gate electrode 12 is formed by screen-printing Ag paste, 
preferably having a width of about ^20m and a pitch of about 280m. The insulating 
layer 14 is formed through plural screen-printing process of glass paste including silicon 
oxide. Preferably, a thickness of the insulating layer 14 is about 15-40/^. The cathode 
electrode 16 is formed by screen-printing Ag paste on the insulating layer 14, preferably 
having a width of about 1 50m and a pitch of about 830m. 
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As a planar field emission source, an emitter 18 of low work function material is 
provided on the cathode electrode 16. The emitter 18 is formed of carbonaceous 
material, preferably formed of a material or mixture of carbonaceous materials selected 
from the group consisting of carbon nanotube (CNT), fullerene (Ceo), diamond liked 
carbon (DLC), and graphite. 

FIG. 2 shows the emitter 18 that is spread on the cathode electrode 16. 
Alternatively, as shown in FIG. 4, the emitter 18 can be patterned to be placed on this 
intersection of the line patterns of the cathode electrodes 16 and the gate electrodes 12. 

Othen/vise, as shown in FIG. 5, an emitter 30 may be formed along one edge of 
the cathode electrode 16, thereby fomriing an edge 32. Fonning an edge in the emitter 
is preferably, because an electric field is more concentrated on the edge 32 of the 
emitter 30. Therefore, even lower voltage may enable the emitter 30 to emit electrons, 
thereby making it possible to drive the display at lower voltage level. 

In addition, the emitters may be easily patterned using a well-known thin film or 
thick film process. For example, a screen-printing process, a chemical vapor deposition 
(CVD) process, or a sputtering process may be used. The emitters that can be easily 
formed by such diverse film processes, and can stably emit electrons at a low voltage 
level can achieve a large-size display very effectively. 

The grid plate 6 is disposed above the back plate 8 and supported by the first 
spacers 2 placed on the non-effective area of the back plate 8. The grid plate 6 has a 
plurality of apertures 6a corresponding to a pixel area to allow electrons to pass. 

As an example, the grid plate 6 may be fomied of a photosensitive glass 
substrate, and the apertures 6a each having a high aspect ratio can be formed through 
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a well-known photolithography process. In another example, the grid plate 6 may be 
formed of a glass substrate, and the apertures 6a can be formed through a well-known 
sand blast or a laser punching process. 

It is preferable that, the grid plate 6 is formed having a thickness of about 700im, 
Each of the apertures 6a is formed in a square-shape having a size of about 600X200Am 
as shown in FIG. 2. A distance between the adjacent apertures 6a in a direction of the 
X-axis is about 830m and a distance between the adjacent apertures 6a in a direction of 
the Y-axis is about 280m, 

A first grid electrode 20 and the second grid electrode 22 are formed on each 
surface of the grid plate 6. The first grid electrode 20 faces the back plate 8 and the 
second grid electrode 22 faces the faceplate 10. Both the first grid electrode 20 and the 
second grid electrode 22 have a structure of plural line patterns along an aperture array 
that is perpendicular to the cathode electrode 16. In other words, each line pattern of 
the first grid electrode 20 and the second grid electrode 22 are arranged in a direction of 
the X-axis. 

It is preferable that, each line pattern of the second grid electrode 22 includes 
two sub-electrodes. The sub-electrodes are divided by the line of the center aperture 
anray to deflect the electrons passing through the apertures 6a using a voltage 
difference therebetween. 

The first grid electrode 20 and the second grid electrode 22 may extend to the 
inner walls of the apertures 6a so as to prevent electrons from being accumulated on 
the inner walls of the apertures 6a. In addition, the shortened distance between 
electron paths through the apertures 6a and each of the first and second grid electrodes 
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20 and 22 enables those electrodes to easily control the electrons. 

The faceplate 10 is disposed above the grid plate 6 and supported by the 
second spacers 4 formed on a non-effective area of the grid plate 6. 

A screen 24 is defined on a surface of the faceplate 10 that faces the grid plate 
6. As shown in FIG. 3, the screen 24 includes a phosphor layer 24b formed of red R, 
green G, and blue B phosphors. The phosphor layer 24b is divided by a black matrix 
24a and is formed on the screen 24. The screen 24 also includes a metal film 24c 
formed on the phosphor layer 24b. 

A first driving method of the flat panel display according to the first embodiment 
of the present invention is now described with reference to FIG. 5. 

Scan and data signal voltages are applied to the cathode electrode 16 and the 
gate electrode 12, respectively, to fonn an electric field around the emitter 18. The 
electric field emits electrons from the emitter 18. A focus signal voltage is applied to the 
first grid electrode 20 to convergence the electrons to the apertures 6a of the grid plate 
6. A deflection signal voltage is applied to the second grid electrode 22 so as to deflect 
the electrons passing through the apertures 6a to corresponding target phosphors. An 
anode signal voltage is applied to the metal film 24c to accelerate the electrons to the 
screen 24. 

More in detail, to turn on a specific pixel, when a data signal voltage of +70V and 
a scan signal voltage of -70V are respectively applied to the gate electrode 12 and the 
cathode electrode 16, electrons are emitted from the emitter 30 corresponding to the 
pixel. Otherwise, when one of the intersecting cathode electrode 16 and the gate 
electrode 12 is applied with OV, a specific pixel located corresponding to the intersecting 
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cathode electrode 16 and the gate electrode 12 is turned to an Off-state. By this 
procedure, all of pixels are On/Off-controlled. 

The first grid electrode 20 is applied with a focus signal voltage to focus the 
electron flow in the aperture 6a to prevent the electrons from being dispersed. For 
example, when a gap between the first grid electrode 20 and the emitter 30 is 200m, the 
first grid electrode 20 may be applied with a focus voltage of about +70V. 

In the above driving method, the first grid electrode 20 may be formed of a 
single layer as shown in FIG. 6, and the focus signal voltage is applied to the single 
layer. 

At this point, when the emitter 30 is fomried at one edge of the cathode electrode 
16 as shown in FIG. 5, it is preferable that the center of each aperture 6a is shifted from 
the center of the cathode electrode 16, since the electrons radiate from the edge 32 of 
the emitter 30. For example, the grid plate 6 is disposed such that an edge of each 
aperture 6a is aligned with the edge 32 of corresponding emitter 30. 

A set of the R, G and B phosphors is fomied conresponding to a single aperture 
to realize a high resolution. FIG. 7 shows a deflection of the electrons by the second 
grid electrode 22. Each line pattern of the second grid electrode 22 includes two sub- 
electrodes that are disposed on the left and right sides of the apertures 6a. 

In FIG. 7, when a straight deflection signal voltage, for example, a voltage of 
about +300V is applied to the sub-electrodes (left and right electrodes) of the line 
electrode 22A (i.e., when voltage levels applied to the sub-electrodes are the same as 
each other), the electrons pass through the apertures 6a straight and then land on the 
green G phosphor. 
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When a leftward deflection signal voltage (for example, +350 V to the left 
electrode and +250V to the right electrode) is applied to the sub-electrodes of the line 
electrode 22B (i.e., when a voltage level applied to the left sub-electrode is higher than 
that applied to the right sub-electrode), the electrons are deflected leftward and land on 
the red R phosphor. 

When a rightward deflection signal voltage (for example, +350V to the right 
electrode and +250V to the left electrode) is applied to the sub-electrodes of the line 
electrode 22C (i.e., when a voltage level applied to the right sub-electrode is higher than 
that applied to the left sub-electrode), the electrons are deflected rightward when 
passing through the aperture 6a and land on the blue B phosphor. 

Generally, to realize a high-resolution display, the distance between the 
apertures 6a should be precisely designed. However, it is very difficult to precisely set 
the distance between the apertures 6a due to the en^or margins in manufacturing of the 
grid plate 6. Accordingly, the electrons passing through the apertures 6a should be 
deflected to the predetenmined directions. Therefore, by passing electrons through one 
aperture 6a toward the corresponding target phosphors, the high definition display can 
be easily realized. 

Finally, the anode signal voltage is applied to the metal film 24c of the faceplate 
10 for overall display. The anode signal voltage higher than those corresponding to 
other signal voltages is set at about 5kV so as to accelerate electrons toward the screen 
24. 

At this point, to obtain the higher luminescence, the voltage difference between 
the second grid electrode 22 and the metal film 24c should be increased. This means 
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that the distance between the grid plate 6 and the faceplate 10 should be increased. 

Accordingly, it is preferable that spacers 4 of a higher aspect ratio are placed 
between the grid plate 6 and the faceplate 10. Preferably, a height of the spacers 4 is 
about 30-300/^. However, since it is difficult to form the second spacers 4 through the 
screen printing process, the spacers having a high aspect ratio are first manufactured 
using a glass or ceramic material, and then attached on one of the plates or inserted in 
grooves (not shown) formed on the gird plate 6. 

A second method for driving the flat panel display according to the first 
embodiment of the present invention is now described. 

Scan and data signal voltages are applied to the cathode electrode 16 and the 
first grid electrode 20, respectively, to fonn an electric field. Thus, the emitter 18 emits 
electrons by the electric field. A field enhancing signal voltage is applied to the gate 
electrode 12, and a deflection signal voltage is applied to the second grid electrode 22 
so that electrons passing through the apertures 6a of the grid plate 6 can be deflected 
to the corresponding target phosphors. An anode signal voltage is applied to the metal 
film 24c to accelerate the electrons to the screen 24. 

In this driving method, the cathode electrode 16 and the first grid electrode 20 
are respectively used as a scan electrode and a data electrode, and the gate electrode 
12 is used as an field enhancing electrode. More in detail, to turn On a specific pixel, 
when a data signal voltage of +70V and a scan signal voltage of -70V are respectively 
applied to the first grid electrode 20 and the cathode electrodes 16, electrons are 
emitted from the emitter 18 corresponding to the pixel. In addition, when one of the 
intersecting the first grid electrode 20 and the cathode electrode 16 is applied with OV, a 
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specific pixel located corresponding to the intersecting the first grid electrode 20 and the 
cathode electrode 16 is turned to an Off-state. 

When the back plate 8 and the grid plate 6 are closely disposed, the electron 
emission can be easily produced even by a lower voltage applied to the cathode 
electrode 16 and the first grid electrode 20. 

According to a plurality of tests, it has been proved that it is preferable that the 
distance between the back plate 8 and the grid plate 6 is about 30^-200/^. 
Consequently, even when the first spacers 2 are formed using a conventional screen- 
printing process, the distance required between the back plate 8 and the grid plate 6 
can be attained. 

Alternatively, the gate electrode 12 can be formed of a single layer as shown in 
FIG. 8. The field enhancing signal voltage is applied to the single layer. Preferably, the 
field enhancing signal voltage is set at about OV. 

FIG. 9 shows a flat panel display according to a second preferred embodiment 
of the present invention. 

In this embodiment, each line pattern of a second grid electrode 34 is not 
divided by the line of an aperture array, but formed in a line pattern along the aperture 
array like the first grid electrode 20. The phosphor layer (not shown) is fonmed such 
that each red R, green G, and blue B phosphor layer is disposed corresponding to a 
single aperture 6a. This structure may be used for a relatively low definition display in 
which electrons do not have to be deflected. 

A third driving method on the basis of the above described second embodiment 
flat panel display is now described. 
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Scan and data signal voltages are applied to the cathode electrode 16 and the 
first electrode 20, respectively. Thus, electrons are emitted from the emitter 18 by an 
electric field generated around the emitter 18. Then, a field enhancing signal voltage is 
applied to the gate electrode 12. and a focus signal voltage is applied to the second grid 
electrode 34 so as to converge electrons at the apertures 6a of the grid plate 6, An 
anode signal voltage is applied to the metal film to accelerate the electrons toward the 
screen 24. 

For example, the driving voltages applied to the first grid electrode 20 and the 
cathode electrode 16 and the field enhancing voltage applied to the gate electrode 12 
are identical to those in the above described embodiments. However, a focus signal 
voltage of about +300V may be applied to the second grid electrode 34. 

By the focusing operation of the second grid electrode 34, the electrons are 
converged toward the corresponding phosphors while passing through the apertures 6a 
of the grid plate 6, and can precisely land on the corresponding target phosphors. 

In this driving method, the second grid electrode 34 can be formed of a single 
layer as shown in FIG. 10 and the focus signal voltage is applied to the single layer. 

FIG. 11 shows a flat panel display according to a third embodiment of the 
present invention. The inventive flat panel display provides a mesh electrode 36 as a 
substitute for the grid plate in the first and second embodiment of the present invention. 
The mesh electrode 36 has a plurality of apertures 36a corresponding to a pixel area 
and disposed between a back plate 8 and a faceplate 10 with predetermined distance 
from these plates. 

Preferably, the mesh electrode 36 does not have any grid electrode on its 
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surface, and a certain signal voltage is applied to the mesh electrode itself. The mesh 
electrode 36 can be formed of a conventional metal mesh plate. 

A fourth driving method using the above described third embodiment flat panel 
display is now described. 

Scan and data signal voltages are applied to a cathode electrode 16 and a gate 
electrode 12. respectively. Thus, electrons are emitted from the emitter 18. A focus 
signal voltage is applied to the mesh electrode 36 so as to converge electrons at the 
apertures 36a of the mesh electrode 36. An anode signal voltage is applied to the metal 
film 24c to accelerate the electrons toward a screen 24. At this point, a focus signal 
voltage of +100 may be applied to the mesh electrode 36. 

By the focusing operation of the mesh electrode 36, the electrons can be 
converged and precisely land on the corresponding target phosphors. 

FIG. 12 shows a flat panel display according to a fourth preferred embodiment of 
the present invention. 

In this embodiment, a cathode electrode 16 Is fomied on a surface of the back 
plate 8 facing the grid plate 6, the cathode electrode 16 having a plurality of line 
patterns an^anged in a direction of the X-axis. An emitter 18 is provided on the cathode 
electrode 16 corresponding to the pixel area. An insulating layer 14 is disposed on the 
surface of the back plate 8 to cover the cathode electrode 16 except the emitter 18. A 
gate electrode 12 is formed on the insulating layer 14 except the emitter 18 and has a 
structure of plural line patterns arranged in a direction of the Y-axis. 

The fourth embodiment flat panel display may be operated by the first driving 
method describe above. However, a suitable one among the aforesaid driving methods 



- 15- 



may be adapted for driving the fourth embodiment flat panel display. 

While this invention has been described in connection with what is presently 
considered to be the most practical and preferred embodiments, it is to be understood 
that the invention is not limited to the disclosed embodiments, but, on the contrary, is 
intended to cover various modifications and equivalent arrangements included within 
the spirit and scope of the appended claims. 
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